romoting the health and well-being of all Americans-including those with disabilities-has emerged as a national priority since the passage of the Americans with Disabilities Act (ADA) more than ten years ago. The ADA marked the first explicit national goal of achieving equal opportunity, independent living, and economic self-sufficiency for individuals with disabilities (Americans with Disabilities Act 1989). Its passage marked a growing recognition of the needs of people with disabilities. Achieving the ADA's goals, however, requires more than simply satisfying its specific provisions; it requires the careful management of the health needs of persons with disability (Patrick 1997).
One branch of health services research is outcomes and effectiveness research, which is defined as studies of the end result of medical care, or the effect of health care on the health and well-being of patients and populations (Epstein 1990; FHSR 1994) . Outcomes and effectiveness research examines the impact of health care (both specific interventions like drugs, medical devices, and procedures and broader interventions like programs and services) on the health outcomes of patients and populations (AHCPR 1999; Mendelson, Goodman, Ahn, et al. 1998) . The goal of outcome and effectiveness research is to provide scientific evidence to guide the choice of effective health care decisions made by all who participate in health care: patients, providers, policymakers, and third-party payers (Clancy and Eisenberg 1998) .
Outcomes and effectiveness research is one of several categories of health services research that can gauge how well the health care needs of persons with disabilities are being met. According to a report from the Conference on the Science of Disability Outcomes Research sponsored by the Disability and Health Branch, National Center for Environmental Health of the Centers for Disease Control, There is substantial evidence that people with disabilities use more health and health-related services than their able-bodied counterparts, and that timely access to such services has more direct and profound implications on their lives, their health, and their well-being. There also is substantial evidence, from various sources and for various reasons, that their service needs have not been met. (Andresen, Lollar, and Meyers 2000, S1-2) Over the past decade the scientific literature on disability outcomes and effectiveness has grown substantially (Andresen, Lollar, and Meyers 2000; Brown, Renwick, and Nagler 1996; IOM 1991; Keith 1995) . Several important questions have not been adequately addressed, however. For example, How much has outcomes and effectiveness research improved the health outcomes of persons with disabilities? How could outcomes and effectiveness research affect the health and well-being of persons with disabilities? What type of evidence is needed, and what are realistic expectations for disability outcomes and effectiveness research?
In this article we examine the potential of outcomes and effectiveness research for persons with disability-that is, the extent to which outcomes and effectiveness research meets the health and well-being needs of persons with disability. To accomplish this, we address what disability outcomes research is, what its goals and expectations are, what kinds of evidence are needed to conduct disability outcomes and effectiveness research, and whether contemporary tools are adequate. Throughout our discussion, we suggest some research priorities for disability outcomes and effectiveness research.
Realistic Expectations for Disability Outcomes Research
Interest in evaluating the extent to which health outcomes and effectiveness research has and can serve the needs of persons with disabilities has led to the recent merging of disability and outcomes research traditions into a new field termed "disability outcomes research." The intent of this emerging field is to combine the research on traditional disabilities and that on mainstream outcomes and effectiveness to describe the current state of science in disability outcomes and to suggest future directions and priorities (Andresen, Lollar, and Meyers 2000) .
Disability outcomes research is viewed narrowly as outcomes of medical rehabilitation (Fuhrer 1997; Keith 1995) and broadly as outcomes influenced by factors outside rehabilitation, such as the role of environmental factors in participation in life activities (Andresen, Lollar, and Meyers 2000) . The latter conceptualization resembles the operationalization of disability as the dynamic interaction between individuals and their environment (IOM 1991 (IOM , 1997 Verbrugge and Jette 1994; NIDRR 2002) . Although there are different perspectives on the scope of outcomes in disability outcomes research, combining disability research and outcomes and effectiveness research into one field of inquiry holds substantial promise for improving the health of persons with disabilities. In order, however, for this line of research to accomplish this goal expectations must be realistic.
In a review article on the impact and lessons of 115 outcomes and effectiveness research studies sponsored by the AHRQ between 1980 and 1997, Stryer and colleagues (2000) showed that by far the most frequently examined types of outcomes and effectiveness research were descriptive epidemiology and comparative effectiveness. Such studies have provided information about the natural history of diseases, the prevalence and/or incidence of disease, risk factors related to disease, and comparative evaluations of treatment outcomes, diagnostic approaches, or other management approaches. The majority of outcomes and effectiveness research studies covered in this review, though, had little direct impact on health care policies, practices, and outcomes.
The Stryer analysis also illustrated the prominence of the biomedical orientation of health services research, as most of the research they reviewed was on describing, identifying, and treating specific diseases rather than addressing the health needs of broad target populations. This is not surprising given the funding structure of many U.S. federal funding agencies. But to improve the health of persons with disabilities, we need a better understanding of the organizational structures and processes of care that are related to better outcomes-outcomes that are meaningful to persons with disabilities.
The Stryer analysis is useful to keep in mind when contemplating the short-and long-term goals of outcomes and effectiveness research for persons with disabilities. What are realistic goals for disability outcomes and effectiveness research? Can researchers and policymakers avoid some of the shortcomings and criticisms of mainstream outcomes and effectiveness research conducted in the past decade on the needs and concerns of persons with disabilities? (Anderson 1994) . To answer these questions, we start by considering the types of evidence needed for disability outcomes research.
Types of Evidence
Despite the growing interest in disability outcomes research, the types of outcome evidence that should be collected remain unfocused and at times confusing, perhaps because of the inconsistent and sometimes nonexistent definitions of terms used in such research. Not enough attention has been paid to conceptual and definitional issues regarding what outcomes are most relevant to disability outcomes research (Cella and Chang 2000; Erickson 2000; Hambleton 2000; Hays, Morales, and Reise 2000) . Instead, terms and concepts are referred to throughout the literature without being carefully defined, leading researchers to "talk past one another" Brown and Gordon 1999) .
From our perspective, the potential of disability outcomes research depends first on a thorough discussion of the relevant outcomes to pursue. This discussion should involve not only researchers from the disability outcomes research community but also persons with disabilities, who have a unique and essential perspective on which outcomes are most relevant. After the most relevant health outcomes have been determined, the research community can then define and assess each outcome.
The literature contains several conceptual frameworks that can be used to explore potential outcomes to be included as evidence in disability outcomes research (Dijkers, Whiteneck, and El-Jaroudi 2000; IOM 1991 IOM , 1997 Patrick 1997; Simeonsson, Lollar, Hollowell, et al. 2000; Verbrugge and Jette 1994; Wilson and Cleary 1995) . One is particularly promising: Patrick's Model of Health Promotion for People with Disabilities (1997), since it depicts four broad planes of outcome: Disabling Process, Opportunity, Total Environment, and Quality of Life (see figure 1 ).
Each plane of Patrick's model is clearly detailed. Disabling Process shows the theoretical progression from disease or injury to the restriction of activities. The classic disablement outcomes are represented in this plane: disease or injury, impairment, functional limitation, and activity restriction or disability. Opportunity shows those outcomes related to independent living, economic self-sufficiency, equality of rights or status, and full participation in community life. In Patrick's view, Opportunity "represents the interaction between the total environment of the individual at his or her particular stage of life course, and the disabling process" (Patrick 1997, 259) . Total Environment includes the individual's biologic and genetic makeup, demographic characteristics (race, gender, age), lifestyle behaviors, health and social care systems, and physical and social characteristics of the environment. Patrick regards Quality of Life as a distinct outcome that includes people's perceptions of their position in life in the context of their particular culture and value system and in relation to their personal goals, expectations, standards, and concerns. Patrick suggests that quality of life for persons with disabilities is influenced by the other three planes.
Patrick's model is a useful guide for researchers trying to identify relevant outcome evidence for a particular disability outcome research study. Depending on the focus of the project, the researcher will need to address the impacts articulated in one or more of the model's four outcome planes: Disabling Process, Total Environment, Opportunity, and Quality of Life. Let us consider several examples to illustrate how the model could be used. Major stakeholders in the U.S. health care system, including persons with disabilities, would like to find a way of evaluating the impact of health care resources and organizational structures. From a policy perspective, for example, researchers might ask whether the facilities in rural areas are adequate to address the health needs of persons with disabilities. Are there disparities in relevant health outcomes among persons with disabilities living in rural versus urban areas, and if so, are the differences related to the distribution of services? The Opportunity plane of Patrick's model might be most appropriate for this line of research.
Research on urban versus rural disparities or on regional differences in health outcomes might focus on independent living opportunities or full participation, as described in Patrick's model. Another research question related to health services for persons with disabilities might be whether specific characteristics of delivery, such as treatment procedures, patient-provider communication, and patient education, lead to different outcomes. Here the outcome evidence might focus on differences in outcomes under the Disabling Process, such as disease severity, impairments, functional limitations, or activity restriction. Similarly, researchers developing, implementing, and evaluating rehabilitation interventions designed to prevent the progression of disability or to restore or mitigate a loss of function caused by chronic conditions might concentrate on outcomes within the Disabling Process. For instance, Ettinger and colleagues (1997) , in a randomized controlled trial of 439 community-dwelling adults with knee osteoarthritis, examined the effects of exercise on impairments, function, and disability. Compared with a health education control group, those participants who did aerobic exercises had a higher oxygen uptake (i.e., peak VO 2 ), reported less pain, performed better on functional tasks like walking and climbing stairs, and reported less physical disability.
As another example, interventions might address "opportunity" by minimizing the disadvantages of not participating in community life owing to environmental barriers. This type of intervention may target the interaction of individuals within the context of the environment such as modifying an individual's work environment. For instance, changing the physical design of work stations, allowing more time or additional breaks, providing human or technical support, or improving the commute from home to work, including parking accessibility and public transportation, could decrease work disability among persons with disabilities (Allaire 2001 ). An outcome study in this context would focus on elements of the Total Environment.
Although outcomes such as disability, impairments, independent living, function, and quality of life are common in the health services and disability literatures, there is a lack of conceptual agreement about what precisely these or similar terms mean. Some authors use the terms health status, quality of life, and function interchangeably to refer to the same or similar health outcome (Barnett 1991; Carr, Thompson, and Kirwan 1996; Clancy and Eisenberg 1998; Lehman 1995) . The meaning, however, of health status or quality of life might range from negatively valued aspects of life, such as death, to more positively valued aspects, such as social functioning or happiness. Clancy and Eisenberg, for example, define health-related quality of life as including health status, symptoms, and a patient's preferences, values, and functioning. To others, function, health status, and quality of life are distinct and independent concepts (Brown and Gordon 1999; Mor and Guadagnoli 1988; Patrick 1997; Smith, Avis, and Assmann 1999) . To make matters even more confusing, some authors do not even supply definitions of the terms they actually use. In a review of 75 articles on the quality of life, Gill and Feinstein (1994) , for example, reported that only 15 percent provided a conceptual definition of quality of life.
Recent research suggests that persons with disabilities may perceive health status and quality of life differently. In a metanalysis of 12 chronic disease studies, Smith and colleagues (1999) examined how patients assess their quality of life and how they differentiate it from health status. They found that people with chronic conditions perceived quality of life and health status as distinct. When rating quality of life, patients emphasized their mental health over their physical functioning, whereas when rating health status, patients emphasized their physical health over their mental health.
We believe that clear theoretical conceptualizations and definitions of disability outcomes are crucial to this line of research. Patrick's model adequately addresses both of these factors and could be used to identify the types of evidence needed for disability outcomes research.
Another important research priority is to explore whether even comprehensive outcome models like Patrick's cover all the outcomes relevant to disability outcomes research. For example, although Patrick's model includes many outcomes that are relevant to the clinical effectiveness of health care policies, strategies, and interventions, it does not address the effectiveness of the interpersonal aspects of care. An evaluation of patients' expectations and for and satisfaction with their care might be an important outcome in disability outcomes research. The effectiveness of interpersonal care has been widely discussed as important to quality of care, and reports of patients' experiences are included in the Health Plan Employer Data and Information Set (HEDIS), with a mandatory standard patient survey (CAHPS) in the most recent version of HEDIS (Campbell, Roland, and Buetow 2000; NCQA 1999) . Qualitative grounded theory research methods may be useful in this line of research.
Do Existing Measures Provide Adequate
How well have the existing patient-level outcome instruments operationalized relevant outcomes for persons with disabilities? Does the current assessment methodology adequately gauge how well the needs of persons with disabilities are being met now and will in the future? Are new assessment tools needed for disability outcomes research? Should developing instruments be a high priority of AHRQ for outcomes research in this area?
A comprehensive review of disability outcome assessment is beyond the scope of this paper. Several reviews, however, were recently pub- Our discussion focuses on the SF-36, a patient-centered outcome instrument used worldwide (Ware 1993 ). We will highlight some of the limitations and challenges faced in using the existing tools to assess outcomes like those detailed in Patrick's model in regard to the outcomes research needs of persons with disabilities. In particular, we look at how well the SF-36 assesses each area of Patrick's outcomes model: Disabling Process, Opportunity, Environment, and Quality of Life.
The 36-item short form of the Medical Outcomes Study questionnaire (SF-36) was designed as a generic indicator of health status and healthrelated quality of life for use in population surveys and evaluative studies of health policy and as an outcome measure for clinical practice and research (McDowell and Newell 1996; Ware 1993; Ware and Sherbourne 1992) . The SF-36 includes items organized into eight different scales designed to assess four different health outcome dimensions: behavioral functioning, perceived well-being, social and role disability, and personal evaluations (perceptions) of general health in general (Ware 1993) . Table 1 summarizes the health-related phenomena captured by the eight SF-36 scales.
How well does the SF-36 assess key outcomes elements of Patrick's model? Let us look at each outcome domain to evaluate its utility as a comprehensive instrument for disability outcomes research. The Disabling Process outcomes, consisting of disease or injury states, impairments, limitations in function, and/or activity restriction, are fairly well covered in the SF-36. Twenty-one of the SF-36 items contain several elements of the disabling process. The ten-item SF-36 physical functioning scale, for example, includes items that assess the concept of activity restriction (e.g., vigorous activities, moderate activities, bathing or dressing oneself) and specific limitations in basic functions (lifting or carrying groceries, climbing several flights of stairs, climbing one flight of stairs, bending, kneeling, stooping, walking more than a mile, walking several blocks, and walking one block). Items in the two SF-36 role limitations scales assess the activity restriction dimension of the disabling process: "During the past 4 weeks, have you had any of the following problems in your work or other regular daily activities. . . . (A) Cut down on the amount of time you spent on work or other activities; (B) Accomplished less than you would like, (C) Didn't do work or other activities as carefully as usual." One of the pain items included in the SF-36 pain scale reflects symptoms of underlying impairments as defined by Patrick: "How much bodily pain have you had during the past 4 weeks?"; a second pain item refers to the restriction of activities: "During the past 4 weeks, how much did pain interfere with your normal work (including work both outside the home and housework)." Another two-item SF-36 social activity scale refers to the restriction of social activities: "During the past 4 weeks, to what extent has your physical health or emotional problems interfered with your normal social activities with family, friends, neighbors, or groups?" And "During the past 4 weeks, how much of the time has (Dupuy 1984) . This measure asks each respondent, "How happy, satisfied, or pleased have you been with your personal life?" Six response choices are offered, ranging from "Extremely happy, could not have been more satisfied or pleased" to "Very dissatisfied or unhappy most of the time." Ware reports that the correlations between this quality of life item and the SF-36 scales were positive and significant, ranging from a low of 0.19 for the physical function scale to a high of 0.60 for the mental health scale when tested in the general U.S. population (Ware 1993, 9:24-5) . Ware interprets these findings as indicating that the SF-36 approach to assessing health status can be useful in interpreting scores and explaining their implications for both quality of life and general health (Ware 1993, 9:25) .
In regard to outcomes research concerning persons with disabilities, the SF-36 approach to quality of life dimensions appears both narrow and general and therefore of limited utility. While the SF-36 includes patients' perceptions of the psychological domain of quality of life, it offers no information about perceptions of other, nonpsychological life domains, such as physical health, level of independence, social relationships, environment, and spirituality. But the outcomes of these nonpsychological domains may be critical to assessing the effectiveness of health care delivery to persons with disabilities. Although this narrow scope of quality of life dimensions would be understandable in a generic health outcomes instrument, the SF-36's coverage of quality of life is limitedat least according to Patrick's operationalization of the term. Thus, the SF-36 may have questionable value as an indicator of quality of life for disability outcomes and effectiveness research.
In regard to Patrick's domains of Opportunity and Environment, there are no items on the SF-36 that address these domains. Therefore, the SF-36 would be an inappropriate outcome instrument for research on opportunity and environment.
Although in the past the SF-36 has been widely used in disability outcomes research, researchers have reported several problems with the SF-36 as a disability outcome instrument (Andresen, Gravitt, Aydelotte, et al. 1999) . For example, the wording of the functional items has been found to be offensive to people who use wheelchairs, because several functional mobility items ask if he or she can "walk" a distance or climb a stairs; that is, it ignores wheelchair functional mobility. Several research groups have also reported problems with floor effects for the physical function scale (Brazier, Walters, Nicholl, et al. 1996; Kersten, Mullee, Smith, et al. 1999) and, in some applications, problems with ceiling effects for both the physical and psychological scales (Andresen, Rothenberg, Panzer, et al. 1998) .
This admittedly limited analysis of only one outcome instrument, the SF-36, in relation to Patrick's model of outcome evidence for persons with disabilities nonetheless illustrates another challenge in advancing the disability outcomes research agenda. The range of relevant outcomes is very broad, as illustrated by the many dimensions of each area in Patrick's framework. No one outcome instrument, and certainly not a generic instrument like the SF-36, will likely be able to meet the needs for outcomes research on persons with disabilities. Patrick's model makes it explicit that the uses of evidence for persons with disabilities must include outcomes well beyond the traditional emphasis on the Disability Process, as seen in instruments like the SF-36.
Another research priority-which is beyond the scope of this articleis to evaluate whether existing assessment instruments are psychometrically adequate and feasible. We recommend that the mainstream outcome assessment methodology be systematically analyzed for its appropriateness to and feasibility for the relevant outcomes in disability outcomes research. If the current tools lack important outcome dimensions for persons with disabilities, then their development should be a high health services research priority as well and an important foundation for future disability outcomes research.
Another, related research priority for disability outcome assessment is to move beyond the field's reliance on traditional fixed-form outcome instruments, which, however carefully chosen, present problems. One common problem with short-form instruments is the frequently encountered floor and ceiling effects, in which large numbers of individuals who complete these instruments score at either the top or the bottom of the range, thereby reducing the measurement's precision (Andresen, Fouts, Romeis, et al. 1999; Brunet, Hopman, Singer, et al. 1996; DiFabio, Choi, Soderberg, et al. 1997; Rubenstein, Voelker, Chrischilles, et al. 1998) . In response to these concerns about inadequate measurement precision and inadequate coverage of important outcome domains, some researchers use more comprehensive outcome instruments, which lead to the frustration and fatigue of many subjects overwhelmed by large and burdensome batteries of instruments (Meyers 1999) .
One promising solution to the measurement problems with traditional fixed-form instruments is to use both computer-adapted testing (CAT) (Ware, Bjorner, and Kosinski 2000) and item-response theory (IRT) (Hambleton 2000; McHorney and Cohen 2000; Weiss 1982) . CAT and IRT techniques are currently being used in the development of a new generation of disability assessment instruments designed for rehabilitation outcomes research (Haley and Jette 2000) .
CAT methodology uses a computer interface (or a computerized interview/clinician report) that is tailored to the patient's own ability. The basic purpose of the adapted test is to mimic what an experienced clinician would do. A clinician learns most when he or she directs questions at the patient's approximate level of proficiency; outcome items that are either too easy or too hard provide little information. An adaptive test first asks questions in the middle of the ability range and then only those questions based on the level of the patient's responses. In this way, fewer questions need to be asked (individual respondent, interview, or clinical judgment), and the ones that are asked provide more precise information regarding an individual's placement along a continuum of functional ability. CAT applications require a large number of items in any one functional area (item pools), items that consistently scale along a dimension of low to high functional proficiency, and rules guiding starting, stopping, and scoring procedures. A significant challenge in the development of CAT models in health care applications is the need for large, representative data sets (Ware, Bjoner, and Kosinski 2000) . CAT applications in disability outcomes research require large samples of persons responding to assessment items to establish item-and-response characteristic curves for the complex modeling used in CAT programs. If the test items are not well constructed, then any subsequent application will be problematic. In a CAT application, each item must be carefully considered, since a CAT application has fewer items and not every person is tested with the same ones.
The strategy of matching items to respondents has been used for decades to construct short and precise educational and psychological tests. CAT programs use a simple form of artificial intelligence that selects questions tailored to the test taker, shortens or lengthens the test to achieve the desired precision, scores everyone on a standard metric so that results can be compared, and displays the results instantly. Each test administration is adapted to the respondent's own abilities. For example, a person who is able to "walk a mile" is not asked to respond to a question about "walking 50 feet." In practice, this approach minimizes the number of items that are administered to an individual to obtain an estimate of functioning in any particular content area. However, these tests require computers and "modern" psychometric methods that have only rarely been applied to health questionnaires. Algorithms for CAT applications are built from extensive modeling (structure, ordering, and interrelationships among items) within a scale representing a functional concept.
The psychometric methods that make it possible to calibrate questionnaire items on a standard metric ("ruler") also yield the algorithms necessary to run the "engine" that powers CAT assessments. These statistical models estimate how likely the persons at each level of health are to choose each response to each survey question. This logic is reversed to estimate the probability of each health score from a particular pattern of item responses. The resulting probability makes it possible to estimate each person's score, along with his or her specific confidence interval. In principle, one can derive an unbiased estimate of an outcome, that is, an estimate without any systematic errors, from any subset of items that fits the model. The number of items administered can be increased to achieve the desired level of precision.
Most statistical models for estimating such item parameters can be traced to the work of Rasch (1980) or a second tradition, item-response theory (IRT) (Hambleton and Swaminathan 1985) . These models emphasize accommodating the data at hand and assume unidimensionality, that is, that the items included on a particular scale measure only one concept. IRT-based outcome assessments, along with CAT outcome assessments applied to disability outcomes research, take less time and are less burdensome to patients, more flexible across different research applications, more efficient and less costly to administer, and, where needed, more precise than conventional approaches. Thus, they may have considerable promise for advancing disability outcomes research.
Summary
Outcomes and effectiveness research holds considerable promise for better meeting the health care needs of persons with disabilities. While Patrick's Model of Health Promotion for People with Disabilities offers a useful initial framework for resolving some of the past conceptual confusion about health outcomes, more qualitative and theoretical work is needed to identify a comprehensive range of health outcomes relevant to the health care needs of persons with disabilities. Second, we recommend that a systematic review and critical analysis of existing health outcome instruments be conducted to identify current strengths and shortcomings for use in disability outcomes research. If the current tools are lacking or inadequate, their development and testing should become priorities for health services research. Third and last, researchers should move away from traditional fixed-form instruments and toward IRTbased outcome assessment and computer-adaptive testing methods, for assessment instruments that will be more flexible, feasible, and precise for use in disability outcomes research.
